Quantum spin Hall (QSH) effect is an intriguing phenomenon arising from the helical edge states in two-dimensional topological insulators. We use molecular beam epitaxy (MBE) to prepare FeSe films with atomically sharp nematic domain boundaries, where tensile strains, nematicity suppression and topological band inversion are simultaneously achieved.
FeSe is an intriguing material that can realize superconductivity enhancement, [1] [2] [3] [4] topological non-trivial edge states 5, 6 and topological superconductivity. [7] [8] [9] [10] [11] [12] Chemical potential and lattice strain are two main factors to manipulate the electronic properties and induce those emergent phenomena.
Nematicity, 13 defined as rotational symmetry breaking of electronic structures in ironbased superconductors, is an interesting phenomenon that emerges at low temperature. It manifests as electronic anisotropy observed in experiments. [14] [15] [16] [17] [18] [19] [20] For most of the iron-based superconductors, superconductivity arises with the suppression of nematic phase via carrier doping. Nematicity is also suppressed at the boundaries of nematic domains (domain walls),
where nematicity is broken due to the overlap of two orthogonal nematic domains.
Therefore, domain boundaries provide a good platform to investigate the electronic properties of nematicity-absent states and the emergent phenomena associated with lattice strains, such as topological non-trivial states and superconductivity. [5] [6] [7] [8] [9] [10] [11] [12] However, due to the complexity on both sides of sample preparation and precision measurement, the nematicity suppression on domain boundaries has not yet been reported.
In single crystals of FeSe, superconductivity coexists with nematicity at low temperature; 21, 22 while in multilayer FeSe film grown on strontium titanate (FeSe/STO), the enhanced nematicity induces stripe-type charge ordering and destroys superconductivity. 23 The nematic domain boundaries exist over large area of FeSe/STO, 23 which enables us to study their electronic properties. In our experiments, we grew ~ 20 UC FeSe films on STO substrates by using MBE method and investigated the electronic structures in FeSe films by STM.
The nematicity of FeSe film can be directly observed in STM topographic image with atomic resolution. Figure 1a shows the Se-terminated surface within a nematic domain.
The image of every single Se atom is elongated along the diagonal direction of the Se-Se lattice (that is the direction of underlying Fe-Fe lattice), reflecting the electronic anisotropy Figure S1 ). Therefore, comparing with that in the nematic domain, the in-plane lattice of the domain boundary is strongly elongated.
Topological non-trivial state is realized in such region with large lattice expansion through the band inversion at the M point, which is predicted by an analytic approach combined with symmetry analysis of FeSe film. 5 The mechanism relies on the intra-d xy and The topological state discussed above is based on the absence of antiferromagnetism (AFM) in FeSe. However, the checkerboard AFM might develop in the FeSe domain boundaries, since the electronic properties, such as the broken two-fold symmetry and the in-plane lattice expansion, are similar to that in 1 UC FeSe /STO, 6 in which a recent study shows experimental evidence for AFM order. 29 DFT calculations are carried out to study the possible topological origin of the edge states with AFM. For a two-dimensional (2D) film, the topological invariance usually oscillates with the number of layers 30, 31 . Surprisingly, the edge states in even and odd layers of FeSe films exhibit similar behaviors in our STM measurements (Supporting Information, In addition, the characteristic energies of the edge state and bound state are both at E F , indicating that the chemical potential here is located in the center of the hybridized gap.
Therefore, introducing domain boundaries in a superconducting FeSe film can be a good approach to realizing topological superconductivity, and its advantage is that the complexity to combine several compounds is avoided so that all the topological features could be achieved in a single-component material.
Sample Growth. FeSe films were grown on Nb-doped (0.05% wt) SrTiO 3 (100). STO was degassed at 500 °C for several hours and subsequently annealed at 1200 °C for 20 min to obtain the atomic flat TiO 2 -terminated surface. To prepare the FeSe film, high purity Fe Calculations. The DFT calculations were carried out by using the full-potential linearizedaugmented plane-wave (FP-LAPW) method implemented in WIEN2K package. 40 PerdewBurke-Ernzerhof (PBE) 41 type of generalized gradient approximation + Hubbard U (GGA+U) approach 42 with U = 1.0 eV (J = 0.2 eV) on the Fe's 3d orbitals was used to treat the exchange and correlation potential. Spin-orbit coupling (SOC) was included as a second variational step self-consistently. The radii of the muffin-tin spheres (R MT ) were chosen as 2.27 a.u. and 2.16 a.u. for Fe and Se, respectively. The cutoff of the wave functions K max × R MT = 7, and 15×15×2 k-point mesh was used in the self-consistent calculations. Maximally localized Wannier functions (MLWFs) 43 for the 3d orbitals of Fe and the 4p orbitals of Se were generated to construct the tight-binding (TB) Hamiltonians of semi-infinite sample and calculate the edge states iteratively. 44, 45 Data Availability. Data will be available from the corresponding authors on request. 
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